A self-similar solution of unsteady mixed convection flow on a rotating cone embedded in a porous medium saturated with a rotating fluid in the presence of the first and second orders resistances has been obtained. It has been shown that a self-similar solution is possible when the free stream angular velocity and the angular velocity of the cone vary inversely as a linear function of time. The system of ordinary differential equations governing the flow has been solved numerically using an implicit finite difference scheme in combination with the quasi-linearization technique. Both prescribe wall temperature and prescribed heat flux conditions are considered. Numerical results are reported for the skin friction coefficients, Nusselt number and Sherwood number. The effect of various parameters on the velocity, temperature and concentration profiles are also presented here.
Introduction
The study and analysis of heat and mass transfer in porous media has been the subject of many investigations due to their frequent occurrence in industrial and technological applications. Examples of some applications include geothermal reservoirs, drying of porous solids, thermal insulation, enhanced oil recovery and many others. Cone-shaped bodies are often encountered in many engineering applications and the heat transfer problem of mixed convection boundary layer flow over a rotating cone, which occurs in rotating heat exchangers, are extensively used by the chemical and automobile industries. Moreover, convective heat on a rotating cone has several important applications such as design of canisters for nuclear waste disposal, nuclear reactor cooling system, geothermal reservoirs. Earlier investigations of flow and heat transfer in rotating systems are given by Hartnett and Deland [1] , Hering and Grosh [2] and Tien and Tsuji [3] . Hering and Grosh [4] have obtained a number of similarity solutions for cones with prescribed wall temperature being a power function of the distance from the apex along the generator. Himasekhar et al. [5] found the similarity solution of the mixed convection flow over a vertical rotating cone in an ambient fluid for a wide range of Prandtl numbers. Wang [6] has also obtained a similarity solution of boundary layer flows on rotating cones, discs and axisymmetric bodies with concentrated heat sources. Further, Yih [7] has presented non-similar solutions to study the heat transfer characteristics in mixed convection about a cone in saturated porous media. The effect of thermal radiation on the non-Darcy natural convection flow over a vertical cone and wedge embedded in a porous medium with variable viscosity and wall mass flux was investigated numerically by EL-Harby [8] . All these studies pertain to steady flows.
There is a large body of literature on unsteady, boundary-layer flows past bodies of different geometries embedded in porous media. Takhar et al. [9] have presented a study on unsteady mixed convection flow over a vertical cone rotating in an ambient fluid with a time-dependent angular velocity in the presence of a magnetic field. Therefore, as a step towards the eventual development of studies on unsteady mixed convection flows, it is interesting as well as useful to investigate the combined effects of thermal and mass diffusion on a rotating cone in a rotating viscous fluid where the angular velocity of the cone and the free stream angular velocity vary arbitrarily with time. The problem of unsteady mixed convection flow on a rotating cone in a rotating fluid has been considered by Anilkumar and Roy [10] . The interested reader can find an excellent collection of papers on unsteady convective flow problems over heated bodies embedded in a fluid-saturated porous medium in the book papers by Pop and Ingham [11] and in the book by Nield and Bejan [12] . Hassanien et al. [13] have studied the unsteady free convection flow in the stagnation-point region of a rotating sphere embedded in a porous medium. Also, the problem of unsteady free convection flow in the stagnation-point region of a three-dimensional body embedded in a porous media has been studied by Hassanien et al. [14] . Recently, the problem of unsteady MHD free convection flow past a semi infinite vertical permeable moving plate with heat source and suction has been studied by Ibrahim et al. [15] . Roy et al. [16] have obtained Non-similar solution of an unsteady mixed convection flow over a vertical cone in the presence of surface mass transfer. The effect of combined viscous dissipation and Joule heating on unsteady mixed convention magnetohydrodynamics (MHD) flow on a rotating cone in an electrically conducting rotating fluid in the presence of Hall and ion-slip currents was investigated by Osalusi et al. [17] .
The aim of the present paper is to develop a new self-similarity solutions for the heat and mass transfer of unsteady mixed convection flow on a rotating cone embedded in a porous medium saturated with a rotating fluid in the presence of the first and second orders resistances which to the best of our knowledge have not been investigated yet. The system of ordinary differential equations governing the flow has been solved numerically using the method of an implicit finite difference scheme.
Mathematical Analysis
We consider the unsteady laminar viscous incompressible fluid flowing over an infinite rotating cone in a rotating fluid-saturated porous medium. Both the cone and the fluid are rotating about the axis of the cone with time-dependent angular velocities either in the same direction or in the opposite direction. This introduces unsteadiness in the flow field. We have taken the rectangular co-ordinate system (x, y, z) where x is measured along a meridian section, the y-axis along a circular section and z-axis normal to the cone surface as shown in Figure 1 . Let u, v and w be the velocity components along x (tangential), y (circumferential) and z (normal) directions, respectively.
The buoyancy forces arise due to the temperature and concentration variations in the fluid and the flow is taken to be axi-symmetric. The wall and the free stream are maintained at a constant temperature and concentration. Under the above assumptions and using the Boussinesq approximation, the governing boundary layer momentum, energy and diffusion equation can be expressed as:
The initial conditions are 
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here   is the semi-vertical angle of the cone;  is the kinematics viscosity;  is the density; t and t are the dimensional and dimensionless times, respectively; 1  and 2 are the angular velocities of the cone and the fluid far away from the surface, respectively; 1 2 is the composite angular velocity; K and are the respective permeability and the inertia coefficient of the porous medium;
 is the porosity; g is the acceleration due to gravity; T is the temperature; C is the species concentration;  is the volumetric co-efficient of thermal expansion;   is the volumetric co-efficient of expansion for concentration;  and D are thermal and mass diffusivity, respectively; Subscripts t, x and z denote partial derivatives with respect to the corresponding variables and the subscripts e, i, w and denote the conditions at the edge of the boundary layer, initial conditions, conditions at the wall and free stream conditions, respectively; , ,
are constants. C  Equations (1)-(5) are a system of partial differential equations with three independent variables x, z and t. It has been found that these partial differential equations can be reduced to a system of ordinary differential equations, if we take the velocity at the edge of the boundary layer e and the angular velocity of the cone to vary inversely as a linear function of time. Consequently, applying the following transformations: 
to Equations (1)- (5), we find that the continuity Equation (1) is identically satisfied, and Equations (2)- (5) reduce to,
is the first resistance parameter, is the second resistance parameter,
is the Darcy number, , the cone and the fluid are rotating with equal angular velocity in the same direction. The ratio of Grashof numbers denoted by the parameter N measures the relative importance of thermal diffusion in inducing the buoyancy forces which drive the flow. N = 0 for no species diffusion, infinite for the thermal diffusion, positive for the case when the buoyancy forces due to temperature difference act in the same direction and negative when they act in the opposite direction.
The boundary conditions Equation (7) can be expressed as
Here  is the similarity variable; f is the dimensionless stream function; f  and g are, the respectively dimensionless velocity along x-and y-directions;  and  are the dimensionless temperature and concentration. The set of partial differential Equations (1)- (5) governing the flow has to be solved subjected to initial conditions (6) and boundary conditions (7) . The ordinary differential Equations (9)- (12) under the boundary conditions (13) are solved using the self-similar solution which implies that the solution at different times may be reduced to a single solutions i.e., the solution at the one value of time t is similar to the solution at any other value of time t. This similarity property permits a decrease in the number of independent variables from three to one (in the present case) and yields treatment using ordinary differential equations instead of partial differential equations.
The quantities of physical interest are as follows:
The surface skin friction co-efficient in x-and y-directions are, respectively, given by 
where
Results and Discussion
The similarity Equations (9)- (12) are coupled nonlinear and exhibit no closed-form solution. Therefore, they must be solved numerically subject to the boundary conditions. The implicit finite-difference method with iteration similar to that discussed by Inouye and Tate [18] have proven to be successful for the solution of such depending on the values of parameters. In order to verify the correctness of our method, we have compared our results with those of Himasekher et al. [5] and Anilkumar and Roy [10] . The results are found to be in excellent agreement and some of the comparisons are shown in Tables Re x Sh  ) are presented in Table 3 . Therefore, as the first and second resistances increases, the resistance due to the porous medium increases and the velocity components decrease further as shown in Figures 2 and 3 . Also, the effects of  , and 7 show that the increase in  , Pr and Sc causes a reduction in thermal and concentration boundary layers, respectively. Hence in Re x Sh  ) increase. Further, the same behavior is noticed for both the first and second order resistances parameter.
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